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Abstract. This paper presents a life table for the common mud turtle, Kinosternon
subrubrum, in a fluctuating aquatic habitat on the Upper Coastal Plain of South Carolina,
USA, using data gathered in a 20-yr mark-recapture study. Data on survivorship and
fecundity (clutch size, per capita clutch frequency) were assessed and compared to previously published life table statistics for the slider turtle, Trachemys scripta, in the same
body of water and for the yellow mud turtle, K. flavescens, in Nebraska.
The annual survival rate for adult female Kinosternon (87.6%) is significantly higher
than that of adult female Trachemys (77.4%). Similarly, male Kinosternon exhibit an annual
survival rate (89.0%) significantly higher than that of male Trachemys (83.4%). The mean
annual proportion of female Kinosternon that are reproductively active (50.7%) also is
significantly higher than that of Trachemys (37.2%). In addition, survival rate from the
time eggs are laid by Kinosternon until the hatchlings enter the aquatic environment (26.1 %)
is significantly higher than that for Trachemys (10.5%).
Comparisons of our findings with those for K. flavescens indicate that these geographically separate populations of congeneric species also differ substantially in age at maturity,
mean generation time, and the mean proportion of females that are reproductively active
in any given year. Differences were also apparent in mean clutch frequencies and adult
survival rates. The differences in life history traits between the two geographically separated
populations of congeners seem to be as great as those between the two syntopic populations
representing different families (Kinostemidae: K. subrubrum and Emydidae: Trachemys
scripta). The comparison of life tables for two species from different families having different
ecological and evolutionary histories, but living in the same habitat, and of congeneric
species in different habitats, is instructive regarding the biological flexibility of species
under natural conditions. However, the study suggests that environmental variability has
a greater effect on life table statistics than do phylogenetic relationships.
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INTRODUCTION

The relationship between life history traits and fitness has been addressed by numerous authors (see Williams 1966, Gadgil and Bossert 1970, and Steams 1976,
1977 for reviews). An emerging consensus is that insufficient data are available on most species for comparative purposes, that similar suites of life history
traits may arise as a consequence of different selective
regimes, and that species may display plasticity in life
history traits in the face of fluctuating resource levels
(e.g., Wilbur et al. 1974, Caswell 1983, Steams and
Koella 1986, Congdon 1989, Congdon and Gibbons
1990).

Over a decade has passed since Wilbur (1975) pointed out that the study of life history tactics suffered from
a dearth of information on long-lived, iteroparous or' Manuscript received 14 May 1990; revised 4 January 1991;
accepted 11 February 1991.

ganisms, and Tinkle (1979) stressed the need for longterm studies to provide information on variance in life
history characteristics. Turtles are certainly among the
longest lived animals (Gibbons 1976, 1987) and exhibit iteroparity both among and within years (Moll
1979, Wilbur and Morin 1988). Thus, they have been
identified as ideal models for consideration of certain
traits, including delayed sexual maturity, extended reproductive longevity, and iteroparity (Wilbur and
Morin 1988, Congdon and Gibbons 1990). However,
assessing life history evolution in turtles is difficult due
to the lack of complete life table information for the
vast majority of species (Wilbur and Morin 1988). Reasonably complete life tables have been estimated for
only four populations of turtles, including two freshwater species in the family Emydidae (Chrysemyspicta,
Wilbur 1975, Tinkle et al. 1981 and Trachemys scripta,
Frazer et al. 1990), one in the family Kinostemidae
(Kinosternon flavescens, Iverson, in press a), and one
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captures and 2382 recaptures of Kinosternon subrubrum in a single habitat over a 20-yr period. The empirical strength of the study overcomes some of the
uncertainty and assumptions characteristic of a life table presentation for a natural population.
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METHODS

Study site
Observations were made at Ellenton Bay, a Carolina
bay (Sharitz and Gibbons 1982) on the Savannah River
1979
1981
1977
1975
1983
1985
1987
Site (SRS) in the Upper Coastal Plain near Aiken, South
YEAR
Carolina. Ellenton Bay's turtle populations have been
studied with varying degrees of intensity from 1967 to
FIG. 1. Waterlevels on 1 January,1 April, 1 July, and 1
October, at Ellenton Bay, a Carolinabay on the Savannah the present, and during that period the bay has flucRiver Site, 1975-1988.
tuated in size from a 10-ha aquatic area to a terrestrial
habitat containing a few remaining muddy areas and
< 500 m2 of open water in some years (Fig. 1; Gibbons
marine species in the family Cheloniidae (Caretta caretta, Frazer 1983a, Crouse et al. 1987). Only two of 1990). Notable droughts occurred in 1981 (Gibbons et
these studies provide information on annual variability al. 1983) and in 1985-1987 (Gibbons 1990).
in survivorship or per capita fecundity (Frazer et al.
Turtles were trapped aquatically using baited hoop
net traps (Plummer 1979, Gibbons 1990). Terrestrial
1990, Iverson, in press a).
A few studies have provided analyses of selected movement was monitored with drift fencing and pitfall
aspects of the life histories of multispecies assemblages traps (Gibbons and Semlitsch 1981). Ellenton Bay was
of freshwater turtles in particular habitats (e.g., Gib- surrounded by a continuous drift fence of aluminum
bons et al. 1978, Congdon et al. 1986, Mitchell 1988) flashing (1240 m [length] x 50 cm [height]) from Febor of a particular genus or species in different habitats ruary 1975 to April 1979, from December 1979 to July
1982, and from January 1986 to June 1988. Pitfall
(e.g., Gibbons 1967, Christiansen and Moll 1973, Gibbons et al. 1981, McPherson and Marion 1983). Long- traps consisted of numbered 20-L buckets sunk along
term studies providing analyses of the variability in each side of the fence at z 10-m intervals. The entire
fecundity for particular turtle populations over _>5 yr drift fence was patrolled and checked daily from Au(e.g., Gibbons 1982, Gibbons et al. 1982, Frazer and gust to April and twice daily from May to July during
Richardson 1985, Frazer et al. 1990) are understand- nesting seasons. Captured turtles were transported to
ably rare. In fact, complete life tables comparing a the laboratory where they were given individual coded
single species of turtle in two habitats or two different marks by notching or drilling marginal scutes, meaturtle species in the same habitat have not been pub- sured, and recorded before being released on the oplished previously. Without benefit of such compari- posite side of the fence the next day. During each nestsons, the full utility and instructional value of life tables ing season since 1976, females captured at the drift
within a group cannot be assessed.
fence during the nesting season have been X-rayed (n
The purposes of this paper are twofold. First, we = 166; Gibbons and Greene 1979) to detect eggs.
sought to provide the first complete life table for KinAge at maturity and fecundity
osternon subrubrum, and to compare it with published
information on other turtles. Second, we wished to
Growth annuli on the plastral scutes were used as
compare the life table for K. subrubrum, a small, semi- age indicators (Sexton 1959) for individuals up to 6 yr
of age. We did not consider this technique reliable for
terrestrial species, to a life table for a contemporaneous
population of Trachemys scripta, a much larger, pri- aging older animals because the closeness of the annuli
marily aquatic species, living in the same aquatic hab- in slower growing adults precludes accurate counting.
itat (Frazer et al. 1990), but having a different evoluHowever, ages of many older individuals were known,
since they had been previously captured, aged, and
tionary history.
Our methods followed those outlined in Frazer et al. marked at younger ages. For purposes of the life table
(1990) as closely as possible in order to ensure that any analysis, we assumed that both male and female Kindifferences elucidated between the two species were osternon in Ellenton Bay reached maturity during their
likely to be real and not simply the result of having 4th yr at a carapace length of 75 mm (Gibbons 1983).
calculated parameters differently. One justification for
Three aspects of fecundity were assessed in order to
such long-term studies is to understand aspects of aging estimate mean per capita annual fecundity: mean clutch
phenomena and the evolution of longevity in species size (the average number of eggs in a clutch), mean
occupying similar habitats but having different evo- clutch frequency (the average number of times a relutionary histories. This study is based on 1589 original productively active female nested in a given season),
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and mean reproductive frequency (the average proportion of adult females that were reproductively active in a season).
A first approximation of mean annual fecundity was
derived by multiplying mean clutch size by mean clutch
frequency for reproductively active females. The result
was divided by 2 to account for the 1:1 ratio of males
to females observed in Ellenton Bay (Gibbons 1983).
Clutch sizes (n = 274) were determined by X-ray (Gibbons and Greene 1979) of females captured at the drift
fence between 1976 and 1987. Intraseasonal clutch frequency was estimated from the number of times each
turtle was captured at the drift fence with a unique
clutch of eggs. A few turtles were dissected during the
nesting season but were not included in the estimation
of clutch frequency since it was not known whether
they might have laid additional clutches that year.
Successive clutches laid by Kinosternon within a season at Ellenton Bay are usually separated by intervals
of l1 mo (X= 30.6 d; n = 25; range = 9-66 d) (Gibbons
1983). The presence of oviductal eggs indicated by
X-rays at intervals > 20 d for an individual turtle was
assumed to be indicative of two separate clutches. The
presence of the same number of eggs at intervals of
< 10 d was assumed to be indicative of the same clutch.
For eggs detected at intervals of between 10 and 20 d,
the individual's X-rays were compared to determine
whether they represented the same clutch or different
clutches, based on egg number, egg size, and position
in the body cavity.
As with many other turtles species, some adult female Kinosternon do not reproduce in a given year
(Gibbons 1983). Therefore, our first approximation of
mean annual fecundity was adjusted to account for the
substantial proportion of adult females alive in Ellenton Bay that were not known to be reproductively active in any given year. The proportion of reproductively active females was determined as follows.
For each year that the drift fence was up, we divided
adult females into four categories (Frazer et al. 1990).
The first category (A) consisted of all females that were
known to have eggs based on X-rays and of any additional adult females that both left and returned to
Ellenton Bay during the nesting season (April-July).
The second category (B) consisted of any additional
adult females that left the bay during the nesting season
but which did not return during that time. The third
category (C) consisted of all females that were known
to be adults as a consequence of having produced eggs
and to be alive in Ellenton Bay during the reproductive
season due to subsequent capture during periods in
which the drift fence was up continuously. The last
category (D) contained any additional females that were
known to be alive in the bay and presumed to have
been adult (i.e., with a carapace length >75 mm) in a
given year based on a von Bertalanffy growth equation
and their known size at some previous or subsequent
capture. The growth equation was based on nonlinear,
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least squares fitting (r2 = 0.90) of data on carapace
lengths (y) of 267 known-age (x) individuals from the
same population, where y = 92.8(1-1.1 8e-°474x).
The information outlined above was used to determine high and low estimates of the proportion of adult
females that were reproductively active in a given year.
The high estimate for each year was calculated as: HI
= (A + B) + (A + B + C + D), where letters refer to
the numbers of turtles in each category outlined above.
The low estimate for each year was calculated as: LO
= A + (A + B + C + D). In order to provide a final
estimate of mean annual per capita fecundity, the first
approximation (i.e., clutch size x clutch frequency)
was multiplied by the average of the HI and LO estimates of the proportion of females that were reproductively active.
Survivorship
We assessed three life stages separately when estimating survivorship. First, we assessed survival from
the time eggs were laid until the hatchlings entered
Ellenton Bay (ages 0 to 1), based on egg counts and
hatchlings encountered at the drift fence. Next, we estimated survivorship for adult males and females (> 4
yr old), based on recapture of live individuals. Finally,
we addressed the more difficult assessment of survival
of young turtles between ages 1 and 4, turtles that are
seen less frequently and hence difficult to study but
which constitute the majority of the immature individuals in the population.
0-1 yr old. - Survivorship during the 1st yr of life
was assessed from the time eggs left Ellenton Bay to
the time hatchlings entered the bay the following year
after presumably overwintering in the nest (Gibbons
and Nelson 1978, Gibbons 1983). The total number
of eggs laid outside the drift fence was estimated for
each year in which all females were X-rayed for egg
counts as they left the bay. The number of hatchlings
resulting from those eggs was estimated as the total
number of hatchlings entering the bay the subsequent
spring. This procedure necessitated our using data only
from certain years, due to the requirement that the
drift fence be up continuously both during the year in
which eggs were counted as they left the bay and during
the following spring in which hatchlings were counted
as they entered the bay.
>4 yr old. -The capture of both juvenile and adult
Kinosternon in aquatic traps and of hatchlings, juveniles, and adults at the drift fence allowed us to follow
records of individual turtles of known age. All turtles
first marked at ages 1, 2, 3, or 4 and known to have
survived at least until age 4 were placed for analysis
into annual cohorts of marked 4 yr olds. The subsequent survival rate from each age class to the next (S,,
for each age i >- 4) was estimated by dividing the total
number of individuals known to be alive at age i + 1
by the number of individuals alive at age i that could
have contributed to the i + 1 age class (Tanner 1978).
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TABLE1. Clutch frequenciesfor Kinosternonsubrubrumat

EllentonBay.

Year
1976
1977
1978
1980
1981
1986
1987

Number
laying single

clutches
16
14
16
45
19
41
38

Number

Number

laying two

laying three

clutches

clutches

3
2
13
8
1
9
3
39

0
0
1
0
0
1
0
2

Total
189
Mean clutch frequency= [(189 x 1) + (39 x 2) + (2 x 3)]
. (189 + 39 + 2) = 1.2 clutches

per female per year.

That is, we deleted cohorts from the denominator if
they could not possibly have survived to the subsequent age class during the course of the study (Tanner
1978). For example, turtles that were 4 yr old in 1985
could not be used for the analysis of survival to age 8,
since no records were available for 1985 + 4 = 1989
when our analysis was carried out. When <5 turtles
remained in an age class, the analysis was stopped to
prevent the records of a few unusually long-lived individuals from unduly influencing the survivorship estimates.
Once Si values were available for ages >4 yr, they
were used to determine proportional survivorship from
age 4 to each subsequent age as follows, where L, is
survivorship from age 4 to age i:
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adult males or females (Ream and Ream 1966, Gibbons 1990). Therefore, assessing survival of young turtles is difficult and fraught with more assumptions than
is true for older turtles.
Survival of young turtles can be estimated from recapture of hatchling individuals marked as they entered the bay at age 1 after having overwintered in the
nest.
In order to assess survival between ages 1 and 4 yr,
we recorded all instances of Kinosternon first captured
and marked at ages 1, 2, or 3 yr old and assessed their
subsequent survival. In all cases, turtles known to have
survived to age 4 or beyond were recorded as having
survived to each intervening age. In other words, if a
turtle was captured at age 1 and at age 7, it was recorded
as having survived to ages 2, 3, and 4. However, in no
case was a turtle's record "backed up" to a previous
age. For example, if a turtle was first captured at age
3, it was not included in the assessment of survival
from age 1 to age 2 or from age 2 to age 3; only its
subsequent survival beyond the age at which it was
first captured was assessed. Animals that could not
possibly have survived to a particular age by the time
the data were collected were not included in assessment
of survival to that age. For example, turtles that were
1 yr old in 1986 could not be included in the assessment
for survival to age 4 (i.e., 3 yr later), because our analyses were conducted in the summer of 1988 (i.e., 1986
+ 3 = 1989).
RESULTS

Fecundity

For a sample of clutches X-rayed at Ellenton Bay
L,= II Sj.
between 1976 and 1987 (n = 274), clutch size was 3.17
j=4
+ 0.96 (X + 1 SD;range = 1-6). The number of females
That is, L, was calculated as the product of all the recorded each year with 1, 2, or 3 clutches (Table 1)
S, values from S4 to S,_ . The resulting L, values were provided an estimate of mean clutch frequency of 1.2
multiplied by 1000 to represent the numbers of sur- clutches per female per year. Thus, the first approxiviving turtles from a theoretical cohort of 1000 4 yr mation of fecundity is 3.17 x 1.2 = 3.8 eggs per female
olds. The logarithms (base 10) of the numbers of in- per year. Adjusting for the 1:1 ratio of males to females
dividuals in the resulting age-frequency distribution observed in Ellenton Bay (Gibbons 1983) yields an
were then fit by linear regression. Males (n = 30) and annual average of 1.9 female eggs for reproductively
active females.
females (n = 38) were assessed separately.
Numbers of adult females present in Ellenton Bay
Ages between 1 and 4 yr old. - In attempting to assess
survivorship of K. subrubrum between ages 1 and 4 yr and known or suspected to be reproductively active
old, we assumed that there were no differences in the each year (Table 2) were used to provide HI and LO
sexes because we usually were not able to determine estimates of the proportion of females reproductively
sex of juveniles in these age classes by external ex- active (Table 3). The results indicate that from 0.451
amination.
(mean LO estimate ) to 0.563 (mean HI estimate) of
Once they enter the bay, young turtles are not seen the adult female K. subrubrum present in Ellenton Bay
as often as are adults. Although adults may be captured are reproductively active in a typical year. In order to
at drift fences as males move overland and females adjust the first approximation of mean annual fecunmake nesting excursions, juveniles are less likely to be dity to reflect the substantial proportion of adult feencountered in pitfall traps (Gibbons and Semlitsch males not reproducing, we multiplied 1.9 by 0.507 (the
1981) after their initial journey from the nest site to average of our mean HI and LO estimates from Table
the aquatic habitat. Young turtles of some species are 3). This resulted in an estimate of mean per capita
also less likely to be captured in aquatic traps than are annual fecundity of 0.96 female eggs.
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TABLE2. Numbers of adult female Kinosternon subrubrum
in Ellenton Bay each year that the complete drift fence was
up. (A) Adult females X-rayed with eggs or that exited and
reentered the bay during nesting season. (B) Additional adult
females that exited the bay during the nesting season. (C)
Additional adult females known to be alive in the bay during the reproductive season. (D) Additional females known
to be alive in the bay during the nesting season and estimated to be adults in that year based on growth curve and
size at next capture or previous capture.
Female group
Year

A

B

C

D

1975
1976
1977
1978
1980
1981
1982
1986
1987

34
25
18
35
46
20
18
53
37

23
16
1
2
2
5
11
12
0

32
30
30
30
23
17
22
27
50

1
3
4
0
0
0
0
0
0

Survivorship

Survivorship during the 1st yr of life from the time
eggs were laid until hatchlings entered Ellenton Bay
averaged 0.261 for the 5 yr for which data are available
(Table 4).
Following records of individually marked females
and males allowed us to estimate survival from imaginary cohorts of 4-yr-old adults (Table 5). Linear regression on the log,0 frequency distribution of survivors to each subsequent age yielded a slope of -0.0576
for females and -0.0508 for males, both of which were
significantly different from 0 (t test on regression coefficients; P < .001 in both cases) as expected, but were
not significantly different from each other (P > .05).
Thus, annual survivorship of adult females (> 4 yr old)
is approximately constant at 100 00576 = 0.876 per year;
that of adult males is also approximately constant at
10--0.0508 = 0.890 per year.
Of 55 individuals first marked as 1 yr olds, 9 (16.4%)
were later recaptured at age 2 or older. Of 51 individ-
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uals first captured and marked at age 2, 29 (56.9%)
were seen again at age 3 or older. Of 66 individuals
first captured at age 3, 48 (72.7%) were seen again at
age 4 or older.
Life tables
The results presented above were used to provide
alternative life tables for K. subrubrum in Ellenton Bay
in terms of lx, defined as age-specific survival from age
0 to age x, and mx, defined as age-specific fecundity.
We present three alternative life tables in order to
provide some indication of the variability that might
be experienced by different cohorts. The first life table
("worst case scenario") is based on our lower estimates
for each parameter. The second ("average case scenario") is based on the mean estimates for each parameter and the third ("best case scenario") is based
on the maximum estimates. In all cases, we assumed
that average clutch size is 3.17, that average intraseasonal clutch frequency is 1.2, that there is a 1:1 ratio
of male eggs to female eggs, and that females mature
at age 4 yr old. We also assumed that annual survivorship of adult females is constant at 0.876 and that
fecundity does not change appreciably as turtles age
(Gibbons 1982).
Average case scenario.-The average case scenario
(Table 6, Fig. 2, solid line) was based on the following
additional assumptions and estimations.
1) Survivorship between the time eggs are laid and
the time hatchlings enter the water at age 1 yr old is
26.1%, the mean value from Table 4.
2) Annual survival rates for 1-, 2-, and 3-yr-old turtles are the averages of that calculated based on marked
juveniles in each of these age classes and that calculated
for adults. Thus, S, = (0.164 + 0.879) . 2 = 0.522;
S2 = (0.569 + 0.879) + 2 = 0.724; and S3 = (0.727 +
0.879) + 2 = 0.803.

3) The mean proportion of females nesting in any
given year is 0.501 (Table 3).
Therefore, mean fecundity is 3.17 x 1.2 x 0.507 x
0.5 = 0.96 female eggs laid per female per year.

TABLE3. Estimated annual percentage of reproductively active adult female Kinosternon subrubrum present in Ellenton Bay,
based on information in Table 2: groups A, B, C, D. For each year, LO estimate = A - (A + B + C + D) x 100; HI
estimate = (A + B) + (A + B + C + D) x 100. Estimates for female Trachemys scripta are from the same habitat (Frazer
et al. 1990) and are presented for comparative purposes.
LO

[LO + HI] - 2

HI

Year

K. subrubrum

T. scripta

K. subrubrum

T. scripta

K. subrubrum

T. scripta

1975
1976
1977
1978
1980
1981
1982
1986
1987

37.8
33.8
34.0
52.2
64.8
47.6
35.3
57.6
42.5

39.0
13.1
18.6
35.7
48.5
10.2
18.8
12.5
48.2

63.3
55.4
35.8
55.2
67.6
59.5
56.9
70.7
42.5

67.0
31.2
25.4
47.1
60.6
74.5
31.3
35.0
51.9

50.6
44.6
34.9
53.7
66.2
53.6
46.1
64.2
42.5
50.7
10.1

53.0
22.2
22.0
41.4
54.6
42.4
25.1
23.8
50.1
37.2

Mean
SD
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Survivorship from egg to hatchling stage of Kin-

osternonsubrubrumat EllentonBay. "Eggsout" based on
X-ray photography of gravid females leaving the bay.
"Hatchlings in" include hatchlings found entering the drift
fence the subsequent spring after overwintering in the nests.

Data for Trachemysscriptaare from the same habitat(Fra-

zer et al. 1990) and are presented for comparative purposes.

1000

z
>
i 00
Cn'
10

% survival
Year

Eggs out

1977
1978
1980
1981
1986

50
113
166
67
172

Hatch-

K. sub-

lings in

rubrum

T. scripta

34.0
24.8
17.5
29.9
24.4
26.1
6.2

27.5
6.5
9.6
1.0
8.0
10.5
10.0

17
28
29
20
42
Mean
SD
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FIG. 2. Alternative survivorship curves for Kinosternon
subrubrum in Ellenton Bay on the Savannah River Site. The
solid line represents survivorship based on mean estimates.
The dashed lines represent "best case" and "worst case" scenarios based on upper and lower estimates (see Table 6 for
further details).

Worst case scenario.- The worst case scenario (Table 6, Fig. 2, lower dashed line) was based on the fol- x 0.563 x 0.5 = 1.07 female eggs laid per female per
lowing assumptions and estimations.
year.
The three alternative life tables (Table 6) permit some
1) Survival from the time eggs are laid until hatchlings enter the water at 1 yr old is 0.175, the lowest evaluation of the potential range of performance of
estimate from Table 4.
Kinosternon in a deteriorating aquatic environment such
2) Annual survival of juveniles is as estimated above as Ellenton Bay. The actual behavior of the population
from return of marked individuals. That is, S, = 0.164, probably varies considerably within the boundary conditions delimited by the worst and best case scenarios.
S2 = 0.569, S3 = 0.727.
3) The mean proportion of females nesting in a given In essence the three scenarios show the options for
year is 0.451, the mean of the LO estimates from Table estimating life table parameters based on recognized
3. Therefore, the fecundity is 1.2 x 3.17 x 0.451 x sampling constraints.
0.5 = 0.86 female eggs laid per female per year.
If the average case scenario over the past few years
Best case scenario.-The best case scenario (Table (Table 6) were to persist, the Kinosternon population
6, Fig. 2, upper dashed line) was based on the following in Ellenton Bay would be declining at /5%per year
additional assumptions and estimations.
e --°05 = 0.95). Survival from the time eggs are
(er=
1) Survival from the time eggs are laid until hatch- laid until turtles reach maturity is 8%. Thus, on avlings enter the water at age 1 yr old is 34%, the highest erage, the population is in decline as Ellenton Bay has
estimate from Table 4.
dried progressively over the past few years (Fig. 1).
The worst case scenario (Table 6) depicts a theoret2) Annual survivorship of juveniles is the same as
that for adults once they enter the aquatic habitat (Wil- ical cohort that is subjected to high juvenile mortality,
bur 1975, Tinkle et al. 1981). Thus, Sx = 0.879 for all both while eggs are in the nests and during the hatchx
1.
lings' first 3 yr in the aquatic environment. If these
3) The mean proportion of females nesting in any conditions persisted, such a population would decline
given year is 0.563, the mean of the HI estimates from rapidly, perhaps by as much as 24% per year (i.e., er
= e-0-27 = 0.76). This would be due primarily to the
Table 3. Therefore, the mean fecundity is 1.2 x 3.17
TABLE5. Survival estimates, based on linear regression of log,, age-frequency distribution, for adult Kinosternon subrubrum
from Ellenton Bay [slope (b), 95% confidence limits of the slope (cLb), annual survivorship estimates (S), approximate
95% confidence limits of the survivorship estimate (cLS), and coefficient of determination (r2)]. Statistics for Trachemys
scripta are from the same habitat and are presented for comparative purposes (from Frazer et al. 1990).

b

CLb

K.
subrubrum T. scripta
-0.0576
-0.0508

S
[Lb]
[Ob]

-0.111
-0.0766

K.
subrubrum
+0.000823
+0.01277

CLS

1
[ob-CLb

l-

r2
ObCLb]

T. scripta

K.
T.
subrubrum scripta

+0.00656

Females
0.774
0.876

0.859-0.893

0.763-0.786

0.96

0.99

+0.00600

Males
0.890
0.838

0.864-0.916

0.826-0.851

0.91

0.98

K.
subrubrum

T. scripta

This content downloaded from 129.123.127.4 on Mon, 21 Sep 2015 14:36:30 UTC
All use subject to JSTOR Terms and Conditions

K.
T.
subrubrum scripta

2224

NAT B. FRAZER ET AL.

Ecology, Vol. 72, No. 6

6. Life tables for Kinosternon subrubrum in Ellenton Bay representing three different scenarios using mean estimates
for survivorship and fecundity. Ro = net reproductive rate = 2; 1mx; T = mean generation time = (2 xlxmx)/Ro;r = intrinsic
rate of population increase ~(log, Ro)/T (Pianka 1974).

TABLE

Average case
Age
0
1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

Best case

Worst case

1m

mx

1.00
0.261
0.136
0.0981
0.0786
0.0689
0.0603
0.0528
0.0463
0.0405
0.0355
0.0311
0.0273
0.0239
0.0209
0.0183
0.0160
0.0141
0.0123
0.0108
0.00945
0.00829
0.00725
0.00635
0.00557
0.00487
0.00427
0.00374
0.00328
0.00287
0.00251
0.00220
0.00193
0.00169
0.00148
0.00130
0.00114
<0.00100

0
0
0
0
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96
0.96

1.000
0.175
0.0287
0.0163
0.0119
0.0104
0.00913
0.00800
0.00701
0.00614
0.00538
0.00471
0.00413
0.00361
0.00317
0.00277
0.00243
0.00213
0.00186
0.00163
0.00143
0.00125
0.00110
<0.00100

R = 0.601
T= 10.6
r ; -0.05

0
0
0
0
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.86
...
Ro = 0.0758
T= 9.40
r : -0.27

1I

1.00
0.340
0.298
0.261
0.229
0.200
0.175
0.154
0.135
0.118
0.103
0.0905
0.0793
0.0694
0.0608
0.0533
0.0467
0.0409
0.0358
0.0314
0.0275
0.0241
0.0211
0.0185
0.0162
0.0142
0.0124
0.0109
0.00953
0.00835
0.00731
0.00641
0.00561
0.00492
0.00431
0.00377
0.00330
0.00289
0.00254
0.00222
0.00195
0.00170
0.00149
0.00131
0.00115
0.00100
<0.00100

m,
0
0
0
0
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
..
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
Ro= 1.965
T= 10.9
r 0.06

/ of the eggs
low juvenile survivorship, with only
1%
resulting in adults recruited to the breeding population.
Even with the presumed recent decline in the quality
of the aquatic environment,
some cohorts of Kinosternon may have contributed to positive population
growth in recent years, as depicted in the best case
scenario (Table 6). For years in which both nest and
hatchling survival are high, the population may grow
at 6% per year (er = e°-06 = 1.06).
Following Frazer et al. (1990), we used a series of
population estimates for K. subrubrum in Ellenton Bay

(Gibbons 1983) from 1976 to 1982 to provide a second
estimate of the rate of population decline (Table 7).
Linear regression of the loge of the frequencies in Table
7 indicated a slope of -0.023
(r2 = 0.03; P > .7).
Although the regression is not significant, the slope
indicates a mean rate of decline of 2% per year (e.g.,
e- 0023 = 0.98), not quite as rapid as that indicated by
the average case scenario (er = e-0-05 = 0.95, or 5% per
the
year; Table 6). On the other hand, for 1980-1982,
3 yr covering the first major drought of the decade
(Table 7; Fig. 1), the linear regression of the loge fre-
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TABLE7. Population size estimates for Kinosternon subrubrum inhabiting Ellenton Bay (after Gibbons 1983).

Year

Population size estimates
(excluding hatchlings)

1976
1977
1978
1979
1980
1981
1982

267
388
461
300
481
358
224

quencies provides a much better fit (r2 = 0.98; P <
.1), with a slope (-0.382) indicative of a very rapid
decline
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averaging

32% per year (i.e., e- 0382 = 0.68).

Thus, these 3 yr indicate a rate of decline even greater
than that depicted in the worst case scenario (i.e., er =
e-- 27 = 0.76, or 24% per year; Table 6). Unfortunately,
due to the fact that the drift fence was dismantled from
July 1982 to January 1986, it was not possible to determine the population size in the years immediately
prior to the onset of the second major drought of the
decade in 1986.

observed to do (J. B. Iverson, personal communication). Should K. subrubrum lay substantial numbers of
nests inside the drift fence, our methodology would
underestimate fecundity, both in terms of the proportion of females that were reproductively active (Table
3) and for clutch frequencies (Table 1) of those that
were known to be active. However, given that we have
captured over 1500 individual K. subrubrum in pitfall
traps, we assume that they are not turned away in any
great numbers by the drift fence. Furthermore, the majority (65%; n = 17) of nests discovered inside the drift
fence by the two daily patrols around Ellenton Bay
during the nesting season are known or suspected to
be those of Trachemys scripta, based on the eggs or
eggshell fragments (Frazer et al. 1990). However, we
recognize that due to large body, egg, and clutch sizes
of T. scripta, these nests would be more noticeable than
those of K. subrubrum. Thus, we recognize that our
estimates of fecundity may be somewhat low but assume that within-fence nesting by K. subrubrum has
been of little consequence in this population.

Survivorship
Age 0-1 yr. Several authors have reported survival
DISCUSSION
rates for nests, eggs, or hatchlings (see review by IverAlthough complete life tables are rare, much infor- son, in press b) indicating high mortality due to a wide
mation has been garnered on selected life history char- variety of biotic and abiotic factors. Wilbur (1975)
acters for other turtles species, with which our findings suggested that high mortality rates on eggs and nests
were a primary cause for evolution of iteroparity and
can be compared.
hence longevity in turtles.
Fecundity
More studies are needed in which nests are identified
Most studies of fecundity in turtles report only mean a priori by following adult females to their nest sites
clutch size, although many also provide estimates of and then continuing to observe the nests throughout
intraseasonal clutch frequency (see Moll 1979, Wilbur incubation to record instances of destruction (e.g.,
and Morin 1988 for reviews). A growing number of Fowler 1979, Congdon et al. 1983). As mentioned preauthors now recognize that only a portion of adult viously, we are aware of the possibility that some fefemale turtles may be reproductively active in any giv- male K. subrubrum occasionally may lay nests inside
en year (Table 8). In the absence of such information, the drift fence. Hatchlings emerging from such nests
simple comparisons of mean clutch size and mean clutch presumably would not be captured in pitfall traps as
they moved to the aquatic habitat. However, any such
frequency are of limited value.
within
and
in
size
nests and hatchlings would not lead to substantially
fluctuates
Ellenton
Because
Bay
among years, some females may lay nests inside the inaccurate estimates of survival rates unless (1) the
drift fence (Frazer et al. 1990), particularly if they are number of nests were large relative to the number of
able to avoid pitfall traps as K. flavescens have been those laid outside the fence or (2) the percentage of
TABLE 8.

Estimatesof the mean proportionof adult females reproductivelyactive in selected turtle populations.
Proportion
reproducing

Species
Caretta caretta
Trachemys scripta
Chrysemys picta
Emydoidea blandingii
Chelydra serpentina
Kinosternon flavescens

0.44
0.26
0.27-0.47
0.50-0.70
0.40-0.80*
0.43-0.73
0.23-0.48
0.60
0.75

Source
Richardson and Richardson (1982)
K. L. Eckert, personal communication
Frazer et al. (1990)
Tinkle et al. (1981)
Christens and Bider (1986)
Schwarzkopf and Brooks (1986)
Congdon et al. (1983)
Congdon et al. (1987)
Iverson, in press a

* Refers only to individuals 7-11 yr old; all individuals > 11 yr old were reported to be reproductively active each year
(Christens and Bider 1986).
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hatchlings successfully entering Ellenton Bay from those
nests were greatly different from that of hatchlings originating from nests laid outside the fence (Frazer et al.
1990).

Emigration and immigration of hatchlings are, by
necessity, lumped with mortality and survivorship in
our estimation procedure. Our estimates of survivorship are negatively biased should hatchlings emerging
from nests migrate overland to aquatic habitats other
than Ellenton Bay. On the other hand, our procedure
overestimates survivorship if hatchlings from nests laid
by females resident in other aquatic habitats moved
into Ellenton Bay after emerging from nests. The question of what proportion of hatchlings actually is recruited into their mothers' habitat certainly is deserving of investigation. It may be that a habitat suitable
for adults is not necessarily the most suitable for juveniles (Moll and Legler 1971). If so, natural selection
might favor females that are discretionary in nesting,
moving far enough from their resident body of water
such that their hatchlings would encounter an aquatic
habitat different from their own. Quantifying such behavior, if it exists, would necessitate continual monitoring of nests and following both nesting females and
hatchlings to determine their destinations. At present,
we assume that Ellenton Bay is a suitable hatchling and
juvenile habitat in most years and that hatchlings of
Ellenton Bay females make their initial entry into the
aquatic habitat at Ellenton Bay.
> 4 yr old. - Our estimates of annual survival for
adult male and female Kinosternon are in agreement
with the generally high rates reported for adults and
larger juveniles of other species (Iverson, in press b).
The good fit of the linear regression (Table 5) indicates
that survivorship in these age classes is approximately
constant, as has been found in other studies of adult
survivorship in turtles (e.g., Gibbons and Semlitsch
1981, Frazer 1983b, Mitchell 1988, Frazer et al. 1990).
Like most other studies, our estimates of survival
incorporate emigration along with mortality. Some of
the turtles may have migrated, but did not necessarily
die, during the two massive droughts in 1981 and 19861987. However, although emigration was especially
prevalent for T. scripta and Pseudemys floridana, K.
subrubrum were not observed to leave the Ellenton Bay
habitat in abnormal numbers (Gibbons et al. 1983)
during the 1981 drought. Likewise, turtles are assumed
to have died immediately after the last time they were
captured. However, most of them likely lived at least
- 1 yr longer in Ellenton Bay before dying, without
being recaptured during that interval. Therefore, survivorship would be somewhat higher than our estimates indicate.
Age 1-4 yr old. -Survival rates of young K. subrubrum estimated from recapture of marked individuals
were 0.164 for 1 yr olds, 0.569 for 2 yr olds, and 0.727
for 3 yr olds. We are aware that our estimates may be
inaccurate for several reasons. Young kinosternid tur-
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tles are seen much less commonly than adults. Some
authors have assumed that once young freshwater turtles reach the aquatic habitat, their survival rates are
the same as those of adults (Gibbons 1968, Wilbur
1975, Gibbons and Semlitsch 1981, Tinkle et al. 1981).
If this assumption is valid, then annual survival rates
for K. subrubrum between ages 1 and 4 yr old should
be much higher than our estimates indicate. However,
recent data indicate that juvenile turtles do have lower
survival rates than adults (Frazer et al. 1990, Iverson,
in press a,b), perhaps due to their smaller size and
increased susceptibility to predators and abiotic factors. Cottonmouths (Agkistrodon piscivorus) and snapping turtles (Chelydra serpentina) will presumably eat
small Kinosternon in the aquatic habitat. Although alligators (Alligator mississippiensis) and some large fish
such as bowfin (Amia calva) may also prey on hatchling
turtles in the southeastern United States, none of these
potential predators inhabit Ellenton Bay (alligators were
last observed there in 1968). An additional factor that
can lead to inaccuracy in survival estimates is that the
tiny size of K. subrubrum hatchlings increases the potential for error in not recognizing the marks several
years later. However, this is considered to be of minor
consequence, as marks have been clearly discernible
on hatchlings recaptured after > 5 yr.
Comparison with K. flavescens
Iverson (in press a) provided a complete life table
for a population of yellow mud turtles, K. flavescens,
in Nebraska, which allows some comparison with our
demographic statistics for K. subrubrum. Females in
his population mature at larger sizes (90 vs. 75 mm)
and older ages (11 vs. 4 yr) than in our population of
K. subrubrum. Female K. flavescens lay a maximum of
one clutch per year (vs. an average of 1.2 clutches for
K. subrubrum), and the proportion of reproductively
active females is 75% in any given year (vs. an average of 51% in our study; see Table 3). The mean
cohort generation time for K. flavescens (T = 28.2 yr)
is much longer than for any of our scenarios for K.
subrubrum (T = 9-11 yr; Table 3), perhaps due to K.
flavescens' larger size at maturity, the shorter growing
season in Nebraska compared to that in South Carolina, and their consequently much longer time to maturity. Nevertheless, the K. flavescens population is
growing slightly (i.e., R0 = 1.06), which is greater than
our average case scenario (Ro = 0.60), but not nearly
as fast as our best case scenario (Ro = 1.97).
Iverson (in press a) concluded that fluctuations in
juvenile survivorship rates and in the annual proportion of reproductively active females were the major
sources of variability in K. flavescens' population dynamics, as is also evident in our analysis for K. subrubrum (Tables 1, 3, 4, and 6). However, age at maturity and hatchling sex ratio, traits that we did not
examine for K. subrubrum, vary within Iverson's (in
press a) population of K. flavescens. Long-term study
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of other turtle species (e.g., 7rachemys scripta and
Chrvsemys picta) indicate that growth rates, age at maturity, and survivorship rates vary temporally within
their populations (Zweifel 1989, Frazer et al. 1990,
1991). It may be that phenotypic plasticity of life history traits in response to environmental variability
(sensu Caswell 1983, Steams and Koella 1986) has a
greater effect on life table statistics of turtle populations
than do the phenotypic relationships among related
turtle species (Wilbur and Morin 1988). Thus, it is
difficult to generalize about life history tactics within
the genus Kinosternon at present, based on just one
population of K. flavescens in the upper Midwest and
one southeastern population of K. subrubrum.
Comparisons between Kinosternidae and Emydidae
The life table information on Kinosternon permits
some discussion of differences in life history characteristics between the Kinosternidae and the Emydidae
when compared to similar data gathered on Trachemys
scripta in the same habitat. Frazer et al. (1990) provided similar alternative life tables for Trachemys
scripta in Ellenton Bay during the past two decades. In
their worst case scenario, no individuals survived to
maturity, primarily due to poor nest and hatchling success. Thus, a theoretical Trachemys population in this
scenario would decline as adults died off or emigrated.
Even in the average case scenario, the Ellenton Bay
Trachemys population would decline at a rate of 15%
per year, much faster than would Kinosternon. Only
in the best case scenario would the Trachemys population barely persist in the area, increasing only at the
rate of 0.5% per year (R,, = 1.06, e- = e0°-05 = 1.005).
The difference between Kinosternon and Trachemys in
their abilities to persist in the Ellenton Bay habitat is
due to underlying differences in survivorship, migration, and fecundity, each of which is discussed below.
Larger egg size is thought to result in greater hatchling survival both within and among turtle species
(Wilbur and Morin 1988). Congdon and Gibbons (1985)
reported that the average mass of a Kinosternon egg
(3.93 g) is much smaller than that of Trachemnys(10.52
g) at the Savannah River Site. The resulting larger
hatchling size may give Ellenton Bay Trachemys (plastron length, X = 29.7 mm; n = 160) some advantage
over Kinosternon (plastron length, X = 17.5 mm; n =
107) once they enter the aquatic habitat, through reduced susceptibility to some predators. Of 125 marked
Trachemys hatchlings, 24.8% were known to have survived their 1st yr in the water at Ellenton Bay (Frazer
et al. 1990). Only 16.4% of marked Ellenton Bay Kinosternon hatchlings were known to have survived their
1st yr in the aquatic habitat. These results lend support
to the conventional wisdom that larger eggs result in
greater hatchling survival, at least in the aquatic habitat. However, we question the validity of an interspecific comparison of the influence of hatchling body size
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per se on survival. Clearly, numerous other factors,
such as habitat association, camouflage coloration, activity patterns and behavior, would interact with body
size and with each other to determine the susceptibility
of a hatchling to predators or other environmental hazards. Thus, we consider the observation of higher
hatchling survivorship in T. scripta to be a spurious
one relative to hatchling body size.
Other than survivorship of hatchlings during their
first 3 yr in the water, however, Kinosternon seems to
have fared much better than Trachemys in Ellenton
Bay. Analysis of variance on angular transformed data
(Sokal and Rohlf 1969) indicates that the estimated
mean annual proportion of eggs that result in hatchlings
entering Ellenton Bay the following spring (Table 4)
differs significantly for the two species (P < .05). We
assume that the observed difference (26.1% for Kinosternon vs. 10.5% for Trachemys) represents differential mortality while in the nest. However, at present
we are unable to elucidate whether differential emigration of hatchlings to other bodies of water and differential mortality rates while moving from nest sites
to Ellenton Bay may also be factors.
A similar analysis revealed that the estimated mean
annual proportion of Kinosternon females that are reproductively active in Ellenton Bay differs significantly
(P < .05) from that of Trachemys (Table 3). Thus, on
average, female Kinosternon apparently are more likely
to reproduce in a given year (50.7 vs. 37.2%). When
they do reproduce, mean clutch frequency of individual
Kinosternon females (Table 1) tends to be somewhat
larger than in Trachemys (Frazer et al. 1990) in this
habitat (i.e., 1.2 vs. 1.1).
Mean annual survival of adult female Kinosternon
is relatively constant at 87.6%, while that of female
Trachemys is somewhat lower at 77.4% when estimated by the same methodology (Frazer et al. 1990).
A test for homoscedasticity of slopes (Sokal and Rohlf
1969) indicates that the slopes of the regression lines
(Table 5) are significantly different (P < .001) for the
two species. Annual survivorship of male Kinosternon
was apparently constant at 89.0% and was significantly
different (test for homoscedasticity of slopes; P < .001)
from the 83.8% annual survivorship estimated for male
Trachemys by the same methodology. Thus, both male
and female Kinosternon apparently experience higher
adult survivorship than do male and female Trachemys.
Given that average clutch size of Trachemys (6.25)
is almost twice that of Kinosternon (3.17) and mean
clutch frequencies are approximately equal, one might
assume that Trachemys has nearly twice the fecundity
of Kinosternon. However, differences in per capita fecundity are not so dramatic (i.e., 1.28 for Trachemys
vs. 0.96 for Kinosternon in the average case scenario)
after adjusting for the proportion of non-nesting females. In addition, female Kinosternon require only 4
yr to reach maturity in Ellenton Bay, whereas female
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Trachemys do not mature until age 7 (Frazer et al.
1990). Such observations underscore the need to consider all components of a life history when making
comparisons between or among species. Any presumed
advantage of Trachemys' larger clutch size in our
study is apparently offset by Kinosternon's higher adult
survival rate, earlier maturity, and greater likelihood
of reproducing in a given year.
Several of the differences between Kinosternon and
Trachemys outlined above may be attributable to the
differences in degree of terrestriality of the two species.
Kinosternon is by far the most terrestrial of the five
aquatic turtle species inhabiting Ellenton Bay (Gibbons
et al. 1983). Not only do they estivate and hibernate
on land (Bennett et al. 1970), but they can also feed
on land (Scott 1976) and spend much of their life cycle
in the terrestrial environment (Bennett 1972). Consequently, the gradual drying of Ellenton Bay (Fig. 2)
might be expected to have less of an impact on Kinosternon than on the more strictly aquatic Trachemys.
Perhaps the ability of brittle-shelled eggs to withstand
desiccation (Packard et al. 1982) also enables the Kinosternon population to retard its rate of decline during
periods of recurrent drought.
Gibbons et al. (1983) previously demonstrated that
the drought of 1981 affected reproductive output of
Trachemys much more than it did that of Kinosternon.
They also showed that Trachemys tended to abandon
Ellenton Bay in larger numbers than did other species
during that drought. Furthermore, movement of
Trachemys was in the direction of the closest permanent body of water, whereas neither the rate nor the
direction of emigration of Kinosternon was detectably
different from previous years (Gibbons et al. 1983).
Because death and emigration were combined in our
assessments of survivorship of Kinosternon and Trachemys >4 yr old (Table 5), our estimates may be more
indicative of each species' persistence in the deteriorating environment than of actual survival rates.
The higher survival rate of Kinosternon between the
time eggs were laid and hatchlings entered the water
(Table 4) may be in part a result of the brittle-shelled
eggs, which deter both desiccation and attack by invertebrate predators. In addition, the plastrons of
hatchling K. subrubrum from Ellenton Bay display
bright red or orange coloration (Carr 1952, Ernst and
Barbour 1972). If this serves as aposematic coloration
(Greene 1988), as has been suggested for juveniles of
another highly terrestrial turtle, Platysternon megacephalum (Campbell and Evans 1972), then Kinosternon hatchlings may have an advantage over those of
Trachemys as they move from the nest site to the aquatic
habitat.
Mitchell (1988) also studied life history characteristics of syntopic populations of kinosternid (Sternotherus odoratus) and emydid (Chrysemys picta) turtles
in Virginia. His results differed from ours in several
important ways. First, annual survivorship of adults
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was lower for Sternotherus than for Chrysemys in his
study, whereas in ours the kinosternid had a higher
annual adult survivorship than did the emydid. Second, Mitchell (1988) found that juvenile Chrysemys
had lower annual survival rates than did juvenile Sternotherus, whereas we found that juvenile Trachemys
survived better than Kinosternon during their early years
in the aquatic environment. Third, estimates of recruitment and losses indicated that both the Sternotherus and the Chrysemys populations in his study were
growing, with the kinosternids apparently increasing
only half as fast as the emydids. In our study, both
populations appeared to be declining, although the kinosternids were declining more slowly than the emydids.
Fourth, Mitchell (1988) studied two populations in a
relatively stable environment over 2.5 yr, whereas our
study was conducted intermittently over nearly 20 yr
in an environment that has been deteriorating over the
last 15 yr (Fig. 1). Lastly, we are unable to arrive at
any meaningful comparison of fecundity estimates between the two studies. Because it was impossible to
enclose his study area, Mitchell (1988) could not collect
accurate data on intraseasonal or interseasonal clutch
frequencies. Although he found that clutch size of
Chrysemys was larger than that of Sternotherus, no
estimate was available on per capita fecundity of either
species. In our study, Trachemys has a much larger
mean clutch size than does Kinosternon, but per capita
fecundity of Kinosternon is only slightly smaller.
Some of the differences between our findings and
Mitchell's may be attributable to ecological differences
between the two kinosternids. Whereas Kinosternon is
one of the most terrestrial of aquatic turtles in the
southeastern USA, Sternotherus is one of the most
aquatic (Gibbons et al. 1983). Thus, in an aquatic environment that is increasingly deteriorating, Kinosternon apparently out-performs the emydid Trachemys.
Although both are declining, Kinosternon is declining
more slowly due to better adult survival, lower emigration rates, and higher per capita reproduction, perhaps in part due to its ability to feed while on land
(Scott 1976). In the more stable lake of Mitchell's (1988)
study, the emydid Chrysemys has a faster population
growth rate than does the smaller kinosternid Sternotherus, perhaps due to the higher adult survival rate,
greater immigration, and larger reproductive output of
the larger species (Mitchell 1988). We again conclude
that the interactions among environmental variability
and phenotypic plasticity of a particular species are the
overriding determinants of life table statistics rather
than the phylogenetic relationships of turtle species.
Virtually all unexploited turtle populations studied
to date are characterized by high survival rates for
adults and low survival rates for eggs and juveniles
(Iverson, in press b). The disparate findings of our study
and Mitchell's (1988) lend some credence to Wilbur
and Morin's (1988) provisional hypothesis that the interesting differences in life history patterns of turtles
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may be due to differences in environmental factors
rather than to phylogeny.
Within the Class Reptilia, the relationships among
life history traits have been most thoroughly considered for lizards (e.g., Tinkle 1969, Tinkle and Dunham
1986, Dunham et al. 1988). However, despite the attempt by Tinkle (1969) to provide a framework for
comparison of traits among lizards, few in-depth studies have involved long-lived species (but see Iverson
1979, Abts 1987). Turtles provide an opportunity to
address the significance of both extended longevity and
iteroparity within the suite of coevolved characteristics
that constitute the life history tactics of oviparous reptilian species that lack parental care of eggs or hatchlings (Tinkle and Gibbons 1977), but for meaningful
comparisons to be made among species, it is necessary
to have reliable actuarial statistics on critical traits that
collectively determine the life history pattern within
each species. Such information is available for few turtle
populations, and an emerging feature of these studies
is that variability in demographic patterns abounds not
only between related groups and species (see Wilbur
and Morin 1988 for review), but even temporally within single populations (e.g., Zweifel 1989, Frazer et al.
1990, 1991, Iverson, in press a).
Certain general evolutionary hypotheses are supported by recent finding of others and our present study.
For example, iteroparity (a universal trait among all
extant turtle species) is predicted to be favored if adult
survival rates are high relative to the survival rates of
juveniles (e.g., Murdoch 1966, Cody 1971, Charnov
and Schaffer 1973). The data available from long-term
studies suggest that this pattern is true for turtles in
general (see Iverson, in press b for review). Likewise,
iteroparity also is thought to be favored if there is high
variation in the success of reproductive attempts (Holgate 1967, Murphy 1968, Steams 1976), and this is
also true for turtles, not only at the individual level,
but also from year to year within a population (Iverson,
in press b). Thus, Kinosternon subrubrum and other
turtles that have been thoroughly studied fit the current
iteroparity paradigm in these aspects. However, such
accordance between observation and theory is of little
value in terms of testing theories, since it is the post
hoc, ergo propter hoc variety frowned upon by serious
students of life history evolution (e.g., Steams 1977).
As with many other areas of evolutionary ecology,
theory has temporarily outdistanced the empirical evidence needed to support or refute particular hypotheses. A problem encountered in the use of life table
compilations to address such hypotheses is the simple,
but little recognized, fact that each entire life table
constitutes a single datum in such analyses. The variability in life table statistics on long-lived, iteroparous
species may be much more extensive than is generally
recognized. Therefore, as with other biological phenomena, such variability must be first elucidated and
then factored into our paradigms.
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Until more data are forthcoming to compare syntopic populations of two species in several different
habitats, or populations of the same species under different environmental regimes, little light will be shed
on this facet of the life history evolution of long-lived,
iteroparous, phenotypically plastic species such as turtles. Meaningful comparisons will be forthcoming only
from the continuation of long-term studies in which
the variance in life history characters such as survivorship, per capita fecundity, and age at maturity may
be discerned (Tinkle 1979).
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